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data; 


Node* next; 


Node* top 


push(int data){ 
Node* temp Node() ; 


(1temp){ 
cout 


temp->data = data; 
temp->next = top; 


top = temp; 


top->data; 


pop( ){ 
Node* temp. 


endl; 


temp = top; 
top-next 
P)5 


> 


)  dmpterunt a Gomme using Linkedbirt 


code, 


data; 

Node* next; 
le(int d){ 
data 


next 


Node* 
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front 


rear->ne} 


rear = tel 


(front = 


Node* temp = front 


front = front->next; 


(front 


(temp 
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Push( x) { 
int n = q.size(); 
push(x) 5 


int value = q.front(); 
q-pop(); 
q.push(value) ; 


t Pop() { 
int value = q.front(); 
q-pop(); 
C rn value; 


t Top() { 
turn q.front(); 
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Push(in 
in.push(x); 


t Pop() { 
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out .pop(); 
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isValid( s) { 
stack<char> st; 
for( i z's) 
{ 
if (st.empty() || i 
{ 
st.push(i); 


G 
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eturn 
} 
st.pop(); 
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oids.size(); it+){ 


(res.empty() || asteroids[i]>®) 


res.push_back(asteroids[i]); 
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(!res.empty() && res.back()>@ && res.bac 
res.pop_back(); 


s.empty() && res.back()+asteroids[i]==0) 
es .pop_back(); 
(res.empty() || res.back()<@) 
push_back(asteroids[i]); 


()<abs(asteroids[i])) 
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currVal = arr[i]; 


aty() && st.top()<=currval) 


res[i] = st.empty()?-1:st.top( 
t.push(currVal) ; 
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<int> nextSmallerElement(vector<int> &arr, int n) 
stack<int> st; 
vector<int> res(n); 


for(int -1; i>=@ ; i--){ 


long long currVal = arr[i]; 


while(!st.empty() && st.top()>=currVal) 
st.pop(); 


res[i] = st.empty()?-1:st.top(); 
st.push(currVal) ; 


urn res; 
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vector <int> calculateSpan(int price[], 


vector<int> span(n); 
stack<int> st; 
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currPrice = price[i]; 


while(!st.empty() && currPrice >= 
pop() 


empty()){ 


span[i] = i+1; 
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span[i] = i 


st.push(i); 


eturn span; 
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celebrity( 
stack<int> s; 


t i=O;icn;i++) — s.push(i); 


(s.size()>1) 
t a=s.top 

s-pop()5 

int b=s.top: 


s.pop(); 


(M[a][b]==1) 
s.push(b); 


s.push(a); 


t celeb = s.top(); 


i= @; 4 n; it+){ 


( (ilsceleb) && (!M[i][celeb]) || M[celeb][i] 
1; 


celeb; 
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largestRectangleA < heights) { 
stack < int > st 


maxArea = 0; 


n || heights[st.top()] >= heights[i])) { 


= heights[st.top()]; 
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maxArea; 
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tor<int> maxSlidingWindow( tor<int>& nums, int k) { 
deque <int> dq; 

vector <ir ans; 

for (int i @; i < nums.size(); i++) { 


if (!dq.empty() && dq.front() =k) 
dq.pop_front(); 


while (!dq.empty() && nums[dq.back()] < nums[i]) 
dq.pop_back(); 


dq.push_back(i); 


WC S=7k= 2) 
ans .push_back(nums[dq.front()]); 
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tNode* reverseList(ListNod head) { 
ListNode *prev = » *curr=head, 
(curr){ 
temp = curr->next 
curr->next = prev 


prev = curr; 


seLinker(Lis 
) 
prev; 
ListNode* newNode = curr->next; 
curr->next = prev; 
helper(newNode, curr); 


tNode* reverseLinker(List head) 


helper (head, 


«temp; 
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e* middleNode(Li de* head) { $¢— 001) 
if(head == NULL) 

return head; 
ListNode* slow = head, *fast = head; 


while(fast != NULL && fast -> next != NULL) 


{ 


slow = slow -> next; 
fast = fast -> next -> next; 


} 


return slow; 
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ListNode* dummy w ListNode( 
ListNode* head = dummy; 


e( 11 I= 
11->val < 12-> 
ListNode* newnod: 


dummy->next = newnode; 
11 = 11->next; 


ListNode* newnode = 
dummy->next = newnode 
12 = 12->next; 


dummy = dummy->next; 


) dummy->next = 1 
) dummy->next = 1 


head->ne: 


101); 


Recmrar Coole class Solution { 
———s > public: 
ListNode* mergeTwoLists(ListNode* 11, ListNode* 12) { 


if (11 == NULL) return 12; 
if (12 == NULL) return 11; 


// compare the starting values and link the nodes 
if (11-oval <= 12->val) { 
11->next = mergeTwoLists(11->next, 12); 


return 11; 

} else { 
12->next = mergeTwoLists(11, 12->next); 
return 12; 

} 

} 
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ListNode* addTwoNumbers( 


ListNode* dummyNode; 
ListNode* head; 
dummyNode = head = new ListNode(-1); 
f(111) 
r 12; 
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r 19% 


carry = @ 


e(11 |] 12) 
firstVal = 11 ? 11->val 
secondVal = 12 ? 12->val 


total = firstVal + secondVal + carry; 
carry = total / 10; 
total = total % 10; 


ListNode* newNode = ListNode(total); 
dummyNode->next = newNode; 


dummyNode = dummyNode->next; 
11 = 11 ? 11->next : 11; 
12 = 12 ? 12->next : 12; 
(carry) 
dummyNode->next = ListNode(1); 


head->next; 


rseList( head) { 
ListNode* prev 

ListNode* curr 

ListNode* temp 

temp = curr-oni 
curr->next = prev; 
prev = curr 


curr = temp 
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eList (11); 
List (12); 
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qa |} 12) 
firstVal = 11 ? 11->val : 0; 
secondVal = 12 ? 12->val : 0; 


total = firstval + secondval + carry; 
carry = total 
total = total 


tNode* newNc 
dummyNode->next 
dummyNode = dummyNode->next 


li-snext : 11; 


12->next : 12; 


dummyNode->next 


reverseList(head 
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ListNode *detectcycle(List “head) { 
if(head ) return NULL; 
ListNode *fast = head, *slow = head; 
while(fast->next!=NULL && fast->next->next!=NULL) 
{ 

fast = fast->next->next; 
slow = slow->next; 
if(fast == slow) 
{ 

slow = head; 

while (slow != fast) 


{ 


slow = slow->next; 
fast = fast->next; 


} 


return slow; 


Te > O(n)+ OCP) = O(2n) = O&) 
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NER + DAO -G+G> 


Approach -1 > t-n+] 


Apprath-2 > o> Rows b) Delete nh node o Reet 


Oe is 

TC > O(n) tNode* reverseList(ListNode* head) { 
ListNode *prev = » *curr = head, *temp; 

$¢ — O01) (curr){ 


temp = curr 
curr->next 

prev = curr; 
curr = temp; 


prev; 


removeNthFromEnd(ListNc head, n) { 


ListNode *dummy = ListNode(-1); 
dummy->next = reverseList (head); 
head = dummy; 

ListNode *curr = head; 

ListNode *prev 


prev = curr; 
curr = curr->next; 


prev->next = curr->next; 
reverseList (head->next) ; 


Approach - 2 


head) 


ListNode *fast 
le(fast->next!=NULL 
fast=fast->next->next; 

ow = slow->next; 


slow; 


ListNodi 
ile( 


temp=curr->nex 


curr->next = prev; 


compare ( 


ile(11! NULL) 


(11->val!=12->val) 
11 = 11->next; 
12 = 12->next; 


Pal indrome( 


head) { 
f (head: ) 


ad->next == NULL) 
ListNode *mid = midNode(head); 
ListNode *12 = mid 


>next; 
mid->next 


12 = reverseList(12); 


ompare(head, 12); 


= head, *slow = hi 


and fast 


>next->next ! = 


*temp; 
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Solution { 


ListNode* deleteDuplicates(ListNode* head) { 
ListNode* dummy = new ListNode(101) ; 
dummy->next = head; 

ListNode* curr = head; 
ListNode* prev = dummy; 
while(curr!=NULL) 
{ 
f(curr->val==prev->val){ 
prev->next = curr->next; 
curr = curr->next; 
{ 
prev = curr; 
curr = curr->nex 


dummy->next; 


tNode* deleteDuplicates(ListN 
(head== || head->next== 
ListNode *curr = head; 
(curr->next Mt 
(curr->val == curr->next->val){ 
curr->next >next->next; 


rr->next; 
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solution { 


tNode* swapNodes (| istN 
ListNode *slow head, 


ick-1; i++){ 
fast->next; 


fast->next; 


slow = slow->next; 


ni_val = n1->val; 

n1->val = slow->val; 

slow->val = n1_val; 
hea 


TT >= OC) 
Sc OC) 


head, 
= head, 


k) { 
*n1 = head; 
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Solution { 


ListNode* oddEvenList(ListNode* head) { 
(!head) 1 5 


ListNode *even = head->next; 
ListNode *odd = head; 
ListNode *evenHead = even; 


le(even && even->next){ 
odd->next=even->next; 
odd=odd->next; 
even->next=odd->next; 
even=even->next; 


odd->next = evenHead; 
i n head; 
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copyRandomList(Node* head) { 


unordered_map<Node*, Node*> mp; 
Node *dummy = new Node(10@001) ; 
Node *runner = dummy, *curr = head; 


while(curr != NULL){ 
Node *newNode = r Node(curr->val) ; 
runner->next = newNode; 
mp[curr] = newNode; 
curr = curr->next; 
runner = runner->next; 


curr = head; 
runner = dummy->next; 


while(curr != NULL){ 
if(curr->random != NULL) 
runner->random = mp[curr->random]; 
runner = runner->next; 
curr = curr->next; 


dummy - >next; 
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reverseList(Li head) 


de *prev = *curr = head, *temp; 


(curr! 


mp = curr->next 
rr->next = pre 
ev = curr 
rr = temp; 


prev; 


reverseInGroups ( 


de *curr = head; 
rrlen = 1; 

d == ) heac 
curr->next! && currlen<k ){ 
rr=curr->next; 

rrlen+=1; 


rlenck) head; 
de *tempNode = curr->next; 


ext ; 


je *tempList = reverseInGroups(tempNode,k) ; 


de "prev = reverseList(head); 
next = tempList; 


prev; 


reversekGroup(| ist head, 
reverseInGroups(head,k) ; 
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merge( id; 
ListNode *dummy ew ListNode(- 
ListNode *curr = dummy; 
(11 && 12){ 
(11->val < 12->val){ 
curr->next 
11 = 11->next; 
{ 
curr->next = 12; 
12->next; 
} 
curr = curr->next; 
} 
#(11) curr->next 
#(12) curr->next 


dummy - >nex 


sortList( head) { 
(!head || !head->next) 


ListNode *slow = head; 
ListNode *fast = head->next; 


(fast && fast->next) { 


slow = slow->next; 
fast = fast->next->next; 


head ortList(head) ; 
fast sortList(fast) 
merge(head, fast); 


12) 
1); 


head; 
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Solution 


isPower0fTwo 
(n t 
(n u n )) 
isPower0fTwo(n/2) ; 


Solution { 


isPower0fThree( 
(n==1) 
(n n ) 
isPower0fThree(n/3) ; 


Solution { 
isPower0fFour( n) 
(n: ) et 
(n n ) u 
isPowerOfFour(n/4) ; 


D2. SuloseH 
@® Given an integer array nums, generate all the subsets. CAubdequencss) 


 dizes 1 then ro. & Aubseld = Qa”, 


Eg numa = [2,3] 
siz [C1 010,210, s10.2 ABIL] 
For eae 5 amen” 


> Ct, 0, [4,99 ’ Cy,9], Cy], C41 C4] 
CMe od 
* Once index is greater than or equal to size then store in result 


T=: 002) > 4% thurs oe 2 posibilihu at wy Uurunt. 
8c « O(2") 


Code 


class Solution { 
public: 
void generateAllSubsets(vector<int>&nums, int currentIndex, 
// base condition 
if(currentIndex >= nums.size()){ 
powerSet..push_back(res); 
return; 


} 


int currentVal = nums[currentIndex]; 
res.push_back(currentVal); 
generateAllSubsets(nums, currentIndex+1, res,powerSet); 


// remove the currentVal (not considering) 
res.pop_back(); 
generateAllsubsets(nums, currentIndex+1, res, powerSet); 


} 


vector<vector<int>> subsets(vector<int>& nums) { 
vector<vectorcint>> powerSet; 
vector<int> res; 
generateAllSubsets(nums, 0, res, powerSet); 
return powerset; 


hb 


vector<int>gres, vector<vector<int>> &powerSet){ 


} y te : 2,3, = 
©) Combination Aum :- num: = [2 ofl tart: 8 
so ([.222) . [a,3,381,[8,5]] 
shad Foy wy indys > 
nyt: cI, ¢-nums[et | cari | 
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class Solution { 
public: 
void totalWays(vector<int>&candidates, int target, int curr, vector<vector<int>>ares, vector<int>&aux ){ 
if(currs=candidates.size()){ 
if (target==0){ 
res.push_back(aux); 


return; 


// feasible only if curr value is less than the target 

if (candidates [curr]<=target){ 
aux. push_back(candidates[curr]) ; 
totalWays (candidates, target-candidates[curr], curr,res, aux); 
aux. pop_back(); 


// back-tracking 
totalWays(candidates, target, curr+i,res,aux); 


} 


vector<vector<int>> combinationSum(vector<int>& candidates, int target) { 
vector<vector<int>> res; 
vector<int> aux; 
totalWays(candidates, target, @, res, aux); 
return res; 
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Code _, 


Solution{ 
public: 
4 allpaths(int row, col, int n, vector<vector<int> string ans, vector<string>&res){ 


if(row<@ || rowe=n || col<@ || col>=n || m[row][col] 
return; 


if (row: 1 § n-1){ 
res.push_back(ans); 
retur 


} 


m[row][col]= 5 
allpaths(row+1, col,n,m,ans+"D",res); 
allpaths(row, col-i,n,m,ans+"L",res); 
allpaths(row, col+i,n,m,ans+"R",res); 
allPaths(row-1, col,n,m,ans+"U",res); 
m[row][col] 


return; 


} 


vector<string> findPath(vector<vector<int>> &m, int n) { 
string ans = ""; 
vector<string> res; 
allpaths(0,0,n,m,ans,res) 
sort(res.begin(), res.end()); 
return res; 
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valid_row( 


[curr 


valid_col( 


4_diagonal ( 
urr_col; 

i=0 88 j 
ACA} 


curr_row 
urr_col; 


(isn && j>=0){ 
(erid[i] [9] 


i = curr_ro\ 
j = curr_col; 
(isn 8& 


isvalid >> 


F urr_row, col, n){ 
valid_row(curr_row, grid, n) && valid_col(curr_col, grid, 


» n) && valid diagonal (grid, curr_row, cu 


3 JH 
ai) (5)5 


t.push_back(temp) ; 


erid, 


temp = populate(grid,n); 
(temp); 


urr_col ¢ nj curr_col++){ 
curr_row, curr_col,n)){ 
row] {curr_col] 


_row}[curr_col] 


solveNQueens( 


erid(n, vector< 


Ds Sudoku Solver 


@ A sudoku solution must satisfy all of the following rules: 


1 Each of the digits 1-9 must occur exactly once in each row. 

2 Each of the digits 1-9 must occur exactly once in each column. 

3 Each of the digits 1-9 must occur exactly once in each of the 9 3x3 sub-boxes of 
the grid. 


Algesithmn 

© Ler CP be on empty call 

@) spr 3 tom ee 
if 7 & nor in now irl, 3x3 bub-phid 3 
@ gid (4, ) = 1 
@ Aasuassively fH Aumainirg emryty calla 


©) it Keersion it Auccerdpul : 
Suttien Muse 


@ yd (re)='." Cbacktracking) 


CS) tian sei 


valid_row( 
i<9; it+){ 
d[ currRow][i]==currval+ 


valid_col( < >>&boar 
i<9; it+){ 
[i] [currCol]==currval+'¢ 


valid_grid( < 


x = 3*(currRow/3); 
y = 3*(currCol/3); 
3 it){ 
j<35 j++){ 


ard[x+i][y+j]== currVal+ 


isValidcel1( < <char>>&board, rrRow, currcol, currval){ 
valid_row(board, currRow, currVal) && valid_col(board, currCol, currVal) && 


valid_grid(board, currRow, currCol, currVal); 


sudokuSolver( currRow, currCol){ 


#(currRow==9) 


nextRow = 
nextCol = 


(currCol==8) { 
nextRow = currRow+1; 
nextCol = @; 
{ 
nextRow = currRow; 
nextCol = currCol+1; 


f(board[ currRow][currCol]}! mf 
sudokuSolver(board, nextRow, nextCol); 


currVal=1; currVal<1@; currVal++){ 


f(isValidCell(board, currRow, currCol, currval)){ 
board[currRow][currCol] = '@'+currVal; 


f(sudokuSolver(board, nextRow, nextCol) 


board{currRow][currcol] 


olveSudoku( & board) { 


ud lver(board, 


ee Krug hei tour problun. 


Or an nan bowd, punt the ander Of each cell Sn 
which thy ose vitiked. §(n>28) 


For n= 8, the Acgult 


RC 
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display( < <int>>&grid){ 
( i: grid){ 
for(auto j:i){ 
cout<<j 


} 


cout<< 


KnightTour( <int>> @grid, int currRow, int currCol, 
upcomingVal, t n){ 
£(upcomingVal==n*n){ 
display(grid); 
cout<<"\n"; 


f(currRow<® || currRow>=n || currCol<@ || currCol>=n 
|| grid{currRow][currcol] 


grid{currRow][currCol] = upcomingval; 


Tour(grid, currRow-2, currCol-1, upcomingVal+1 
Tour(grid, currRow-2, currCol+1, upcomingVal+1 
htTour(grid, currRow+2, currCol-1, upcomingVal+1 
Tour(grid, currRow+2, currCol+1, upcomingVal 
Tour(grid, currRow-1, currCol-2, upcomingVal+1, 
Tour(grid, currRow-1, currCol+2, upcomingVal+1 
KnightTour(erid, currRow+1, currCol-2, upcomingVal+1 
Tour(grid, currRow+l, currCol+2, upcomingVal+1 


grid[currRow][currcol] = @; 


main() { 
n; 

cin>on; 

vector<vector<int>>grid(n, vector<int>(n,@)); 

KnightTour(grid, @, @, 1, n); 
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3 —> def 
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* dnitiouy Oust, © map ter Numbou 4 thin alphabut 
> Then For rach endun Jin o aring find ol priAibilitiea 


Pinel rervutts. 
[od, on, at, bd, be, bt, cd, ce, ct | 47 


amapper, digits, 


current Index ){ 


if (currentIndex>=digits. length()){ 


ans .push_back(s); 


currNum = digits[currentIndex]; 
string alpha = mapper[currNum]; 


i<alpha.size(); it+){ 
s.push_back(alpha[i]); 
findAll(mapper, digits, ans, s, currentIndex+1); 


tterCombinatior 


, string>mapper{ 


} 


}5 


string s 


vector<string> ans; 


if(digits.size()==0){ 


ans; 


ndAll(mapper, digits, an 


ans; 


() Subs fi —» Same aA Awok but no duplicates - 


allsubs( 
< >ads, 


if(curr>= s.size()){ 
.insert(ds); 
retur 


currval = nums[curr]; 


ds.push_back(currval) ; 
allsubs(nums, curr+1,ds,ans) ; 


ds.pop_back(); 


allsubs(nums, curr+1,ds,ans) ; 


< < >> subsetsWithDup( >& nums) { 
set<vector< >>ans; 
vector<int>vec; 
sort(nums.begin(),nums.end()); 
allsubs(nums,@,vec,ans); 
vector<vector< >> res{ans.begin(), ans.end()}; 
return res; 


> &nums, 


res.push_back(ds) 


G ize(); i++){ 
i>curr && nums[i]==nums[i-1]) 


NithDup( <int>& nums) 


, nums.end()); 
ds, res); 


(2) Combinational bum 


—> Same 24 combinahonad Lum but m duplcatu 


Code 4 


findAll( >&candidates, target, idx, 
< > &ds){ 


if (target==0){ 
ans.push_back(ds); 


return; 
i = idx; i<candidates.size(); i++){ 


if(i>idx && candidates[i]==candidates[i-1]) ntinue; 


if (candidates[idx]<=target){ 
ds.push_back(candidates[i]); 
#indAll(candidates, target-candidates[i], i+1, ans, 
ds.pop_back(); 


>> combinationSum2( candidates, 
target){ 
vector<vector<int>> ans; 
sort(candidates.begin(), candidates.end()); 
vector<int> ds; 
findAll(candidates, target, @, ans, ds); 
ans; 


(F3) S~ Qatar a 
Ly rod 40 tid You total numb I poxibilitics 


0. Introduction 

1. Max depth of Binary tree 
2. Max depth of N-ary tree 
3. Preorder of binary tree 

4. Preorder of N-ary tree 

5. Postorder of binary tree 
6. Postorder of N-ary tree 

7. Inorder of Binary tree 

8. Merge two binary trees 

9. Sum of root to leaf paths 
10. Uni-valued Binary tree 
Tl. Leaf similar trees 

12. Binary tree paths 

13. Sum of Left leaves 

14. Path sum 

15. Left view of Binary tree 
16. Right view of Binary tree 
17. Same tree 

18. Invert Binary tree 

19. Symmetric tree 

20. Cousins of Binary tree 
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Solution 


maxDepth(TreeNode+ root 
root VULL) 


lefth= 1+ maxDepth( root->left) ; 


righth = 1+maxDepth(root->right) ; 
max(lefth, righth) ; 


() Maximum depth of n-ary tree 


Idea is same as previous problem, only implementation changes 


ode -» 


s Solution { 


maxDepth(Nodex root) { 
f(root==NULL) return 0; 


int ; i<root—>children. size();i++) 


int tempans = maxDepth(root->children [i] ); 
ans = max(ans, tempans) ; 


eturn ans+1; 
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Solution 


vector<int> preorderTraversal(TreeNodex root) { 
vector< >ans; 
Preorder(root,ans) ; 
urn ans; 


i Preorder(TreeNode* root, vector<int>&ans) 


root == NULL) return; 
ans. push_back(root->val) ; 
Preorder(root->left, ans); 
Preorder( root->right,ans) ; 


G) Pruortss ounial 


Solution { 


vector<int> preorder(Node* root 
vector<int>ans; 
Preorder (root,ans); 
return an 


id Preorder(Nodex root, vector<int>Sans) 
f (roo eturn; 


ans. push_back(root->val 
;icroot->children. size(); i++) 


Preorder(root->children[i] ,ans); 
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Solution { 


vector<int> postorderTraversal(TreeNodex root) 
vector<int>ans; 
Postorder(root,ans) ; 
ans; 


Postorder(TreeNode* root,vector< >&ans) 
(root 
Postorder(root—>left,ans) ; 


Postorder(root->right, ans); 
ans. push_back(root->val) ; 


Solution { 
vector<int> postorder(Node* root) 
vector<int>ans; 
Postorder(root, ans) ; 
ans; 


Postorder(Node* root, vector< 


(root ; 
( i=0; i<root->children. size(); i++) 


Postorder(root->children[i] ,ans) ; 


ans.push_back(root->val) ; 
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Solution { 


vector<i inorderTraversal(TreeNodex root) { 
vector. ans 
Inorder(root,ans); 
) ans; 


Inorder(TreeNodex root, vector<i 
(root==NULL) return; 


Inorder(root->left,ans) ; 
ans.push_back( root->val) ; 


Inorder(root->right, ans); 


void inorder(Node *node) 
{ 
Approach: if (node == NULL) 
The inorder traversal of an N-ary tree is heturny 
defined as visitingyall:the:children'except the OF Teac abe SoD 
= then a root and finally the last child dnt ‘total s:hode-stengthi 
recursively. 
+ Recursively visit the first child. // All the children except the last 
* Recursively visit the second child. for (int i = @; i < total - 1; i++) 
Wades inorder(node->children[il]); 
+ Recursively visit the second last child. 
¢ Print the data in the node. // Print the current node's data 
* Recursively visit the last child. cout<< node-sdata << " "; 
+ Repeat the above steps till all the nodes | 
are visited. // Last child 


inorder(node->children[total - 1]); 
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Cod _y 


class Solution { 


public: 


TreeNode* merge(TreeNode* root1, TreeNode* root2){ 


Z 


if(root1==NULL && root2==NULL) return NULL; 
if(root1==NULL) return root2; 
if(root2==NULL) return root1; 


// Create new node to store sum 
TreeNode *newNode = new TreeNode(root1->val+root2->val) ; 


// Recursively call the left sub-trees and right sub-trees 
newNode->left = merge(root1->left, root2->left) ; 
newNode->right = merge(root1->right, root2->right); 


// return the new node 
return newNode; 


TreeNode* mergeTrees(TreeNode* root1, TreeNode* root2) { 


} 
33 


return merge(root1, root2); 
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Code 


lass Solution 
public: 
1 rootToLeaf(TreeNodex root, string currentString, int* ans 


if (root->left= 


currentString+=to_string(root—>val) ; 


ans [0]+=stoi(currentString,2,2); 


string curr=to_string(root->val 
(root->Lleft !=NULL 
rootToLeaf(root->left, currentString+curr,ans) ; 
f (root->right !=NULL) 
rootToLeaf(root->right, currentString+curr,ans) ; 


int sumRootToLeaf(TreeNodex root) { 
t* ans=new int[ 
ans [@]=0; 
rootToLeaf(root,"",ans) ; 
turn ans[0]; 


Nok. 


stoi() can take upto three parameters, the second parameter is for starting 
index and third parameter is for base of input number: ey 
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Cod, 


class Solution { 
public: 
bool isSame(TreeNode* root, int val){ 
if(root==NULL) return true; 
if(root->val!=val) return false; 


bool left = isSame(root->left, val); 
bool right = isSame(root->right, val); 


return left && right; 
} 


bool isUnivalTree(TreeNode* root) { 
return isSame(root, root->val); 
} 
ts 
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class Solution { 
public: 
void traversal(TreeNode* root, vector<int>&v){ 
if (root==NULL) 
return; 


if(root->left==NULL && root->right==NULL) 
v.push_back(root->val); 


if(root->left!=NULL) 
traversal(root->left, v); 


if (root->right!=NULL) 
traversal(root->right, v); 


} 


bool leafSimilar(TreeNode* root1, TreeNode* root2) { 
vector<int> a; 
vector<int> b; 
traversal(rooti,a); 
traversal(root2,b); 
return a==b; 
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Code, 


class Solution { 
public: 
void pathFinder(TreeNode *root, vector<string> &res, string currPath){ 


if(root==NULL) return; 


// if leaf then add it's value to currentPath 
if(root->left == NULL && root->right==NULL){ 
currPath += to_string(root->val); 
res.push_back(currPath) ; 
return; 


} 


// else add the node's value to path 
currPath += to_string(root->val)+"->"; 


if(root->left) pathFinder(root->left, res, currPath); 
if(root->right) pathFinder(root->right, res, currPath); 
} 


vector<string> binaryTreePaths(TreeNode* root) { 
vector<string> res; 
pathFinder(root, res, ""); 
return res; 
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class Solution { 
public: 
int leftLeafSum(TreeNode *root, bool leaf){ 
if (root==NULL){ 
return @; 


} 
if(root->left==NULL && root->right==NULL && leaf){ 
return root->val; 


} 
int 1s = leftLeafSum(root->left, true); 
int rs = leftLeafSum(root->right, false); 


return ls+rs; 


int sumOfLeftLeaves(TreeNode* root) { 
return leftLeafSum(root, false); 


CF) fatty dum» um sy as nodes fom rot to Ling U tqual to 
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class Solution { 
public: 
bool pathSumUtil(TreeNode* root, int currSum, int targetSum){ 
if (root==NULL) 
return false; 


if(root->left==NULL && root->right==NULL){ 


return (currSum+root->val)==targetSum; 
} 


return pathSumUtil(root->left, currSum+root->val, targetSum) 
| |pathSumUtil(root->right, currSum+root->val, targetSum); 


bool hasPathSum(TreeNode* root, int targetSum) { 
return pathSumUtil(root, @, targetSum) ; 
} 
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Code —> 


void viewGenerator(Node *root, vector<int> &res, set<int> &s, int currLevel){ 
if(root==NULL) return; 
1t and the set 
if(s.find(currLevel)==s.end()){ 
s.insert(currLevel) ; 
res.push_back(root->data); 


i 


viewGenerator(root->left, res, s, currLevel+1); 
viewGenerator(root->right, res, s, currLevel+1); 


urn; 


} 


vector<int> leftView(Node *root) 
{ 
vector<int> res; 
set<int> s; 
viewGenerator(root, res, s, 2); 
return res; 
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class Solution { 
public: 
void viewGenerator (TreeNode* root, vector<int> &res, set<int> &s, int currLevel){ 
if(roots=NULL) return; 
// if level is not reached, then add to result and the set 
if(s.find(currLevel)==s.end()){ 
s.insert(currLevel); 
res.push_back(root->val) ; 
} 
// traverse the remaining branch 
viewGenerator(root->right, res, s, currLevel+1); 
viewGenerator(root->left, res, s, currLevel+1); 
return; 
} 
vector<int> rightSideView(TreeNode* root) { 
vector<int> res; 


set<int> s; wT 2 O (n) 
viewGenerator(root, res, s, @); 
return res; ep = OU) + oln>+ 0 (h) 
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class Solution { 
public: 


bool isSameTree(TreeNode* p, TreeNode* q) { 
if(p==NULL && q==NULL) return true; 


if(p==NULL || q==NULL || p->val != q->val) return false; 


return isSameTree(p->left, q->left) && isSameTree(p->right, q->right); 


} 
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class Solution { 
public: 
TreeNode* invertTree(TreeNode* root) { 
if(root==NULL) return root; 


/* invert the left and right sub-trees and store 
them separately */ 

TreeNode *leftSub = invertTree(root->right); 

TreeNode *rightSub = invertTree(root->left); 


// attach the branches to root 
root->left = leftSub; 
root->right = rightSub; 


return root; 
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class Solution { 
public: 
bool isMirror(TreeNode* 1, TreeNode* r){ 


if(l== NULL && r==NULL) 
return true; 

else if(1==NULL || r==NULL) 
return false; 

else if(1->val != r->val) 
return false; 


return isMirror(1->left,r->right) && isMirror(1l->right, r->left); 


bool isSymmetric(TreeNode* root) { 
if(root==NULL) return true; 
return isMirror(root->left, root->right); 


} 
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class Solution { 
public: 
void findNodes(TreeNode* root, int x, int y,int level[2],int parents[2],int currlevel,TreeNode* currparent) 


if(root==NULL)return; 
if(root->val == x) 


level [0]=currlevel; 
parents[@]=currparent->val; 


if(root->val == y) 


level[1]=currlevel; 
parents[1]=currparent->val; 


findNodes(root->left, x, y, level, parents, currlevel+i, root); 
findNodes(root->right, x, y, level, parents, currlevel+i, root); 


bool isCousins(TreeNode* root, int x, int y) { 
int level [2] = {-1,-1}5 
int parents[2] = {-1,-1}; 
findNodes(root, x, y, level, parents, @, new TreeNode(-1)); 
if(level[@]==level[1] && parents[@]!=parents[1]) 
return true; 
return false; 
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21. Print all nodes that do not have any siblings 

22. All nodes at distance K in a Binary Tree 

23. Lowest Common Ancestor 

24. Level order traversal in Binary Tree 

25. Level order traversal in N-ary Tree 

26. Top view of Binary Tree 

27. Bottom view of Binary Tree 

28. Introduction to Binary Search Tree & Search in a BST 
29. Insert into a BST 

30. Range Sum of BST 

31. Increasing order search tree 

32. Two Sum IV 

33. Delete Node in a BST 

34, Inorder successor in BST 

35. Validate BST 
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37. Convert Sorted Array to BST 

38. Construct BT from Preorder and Inorder traversal 
39, Construct BT from Inorder and Postorder traversal 
40. Construct BST from Preorder traversal 


ot @ Painr ait nodau that donot have ong diblings 


Te > O(N) 
S& — Otn) 


ar query node , chek th 
both Grandus eur —> Hun colt both of trum pansies 
ony Dir fyranth uur -s thy coud Ligh brands suoutsivdy 
ony Nah frronth wuiar > trun cok ayahr branes sucuivelg 


findNode( >&res){ 


if(root==NULL) return; 
if(root->left == && root->right== 


if(root->left!= && root->right!= 
{ 
findNode(root->left, res); 
findNode(root->right, res); 


u 
else if(root->left!= 
{ 


res.push_back(root->left->data) ; 
findNode(root->left, res); 


} else if(root->right!= 

{ 
res.push_back(root->right->data) ; 
findNode(root->right, res); 

; 


return; 


> noSibling( 


vector<int> res; 

findNode(node, res); 
if(res.size()==@) res.push_back(-1); 
sort(res.begin(), res.end()); 
return res; 


) return; 
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populatemap( currparent, 
(currnode == 
P tmap[currno currparent; 
populatemap(curr currnode, parentmap) ; 
populatemap(currr ight, currnode, parentmap) ; 


printkdistance( currno k, set< *>8s, 


< arentmap, >fans) 


(currnode || s.find(currnode)!=s.end()|| k<@) 


. insert (currnode) ; 
(k==@) 


5 .push_back(currnode->val) ; 


printkdistance(cur de->left,k-1,s,parentmap, ans); 


printkdistance( e->right,k-1,s,parentmap, ans); 
printkdistance(pa ap[currnode],k-1,s,parentmap, ans) ; 


< > distanceKk( 
vector<int>ans; 
set<TreeNode*>s; 
unordered_map<TreeNode*, TreeNode*>parentmap; 
populatemap(root, ,parentmap) ; 
printkdistance(target,k,s,parentmap, ans); 
ans; 
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class Solution { 
public: 
TreeNode* lowestCommonAncestor(TreeNode* root, TreeNode* p, TreeNode* q) { 

if(root==NULL) return NULL; 
if(root->val == p->val || root->val ==q->val) return root; 
TreeNode* leftSubTree = lowestCommonAncestor(root->left, p, q); 
TreeNode* rightSubTree = lowestCommonAncestor(root->right, p, q); 
if(leftSubTree!=NULL && rightSubTree!=NULL) return root; 
if(leftSubTree!=NULL) return leftSubTree; 
if(rightSubTree!=NULL) return rightSubTree; 
return NULL; 
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Solution { 


vector tor<int>> levelorder(TreeNode* root) { 
vector<vector< 
queue<TreeNode* 


(roo ) 
q.push(root) ; 


(1q.empty() ){ 


currsize = q.size(); 
vector<int>currLevel; 


(currsize>@) 


TreeNode* currnode = q.front(); 
q-pop(); 
currLevel.push_back(currnode->val); 
currsize 


if(currnode->left ) 
q.push(currnode->left) ; 


(currnode->right != 
q.push(currnode->right) ; 
} 


res.push_back(currLevel); 
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ore <int>> levelorder(Node* root) { 
vector<vector<int>> res; 
queue<Node*>q; 


if(root == NULL) ret 


q.push(root); 


while(!q.empty()) 

{ 
int currsize = q.size(); 
vector<int>currLevel; 
while(currsize>@) 


{ 


Node* currno q.front(); 
q-pop(); 
currLevel.push_back(currnode->val) ; 
currsize- 


for(auto child: currnode->children) 
q.-push(child) ; 
} 
res.push_back(currLevel) ; 
} 


return res; 
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map< > mp; 
queue<pair<Node*, int ; dogn — Trop. 


h({root,@}); 
Tw = © (nlogn) 

(1q-empty()){ 

Sc — OCn) 

it = q.front 

q.pop(); 


Node* node = it.first; 
t hd = it.second; 


if(mp.find(hd) == mp.end()) 
mp[hd] = node->data; 


if (node->left ! =N' ) 
q.push({node->left,hd-1} 


if (node->right!=NULL) 
q-push({node->right, hd+1 


it:mp) 
push_back(it.second); 


res; 
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Code, 


{ 


vector <int> bottomView(Node *root) 
vector<int> res; 
if(root==NULL) return res; 


map<int, > mp; 
queue<pair<Node*, >>q5 


q.push({root, @}); 
while(!q.empty()){ 
it = q.front(); 
q-pop(); 


Node* node = it.first; 
hd it.second; 


mp[hd] = node->data; 


if(node->left! = ) 
q.push({node->left, hd-1}); 


if(node->right! ) 
q.push({node->right, hd+1}); 


} 


for( it:mp) 
res.push_back(it 


return res; 
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class Solution { 


public: 
TreeNode* searchBST(TreeNode* root, int val) { 


if(root==NULL) return NULL; 
if(root->val == val) return root; 
if(root->val < val) return searchBST(root->right, val); 


return searchBST(root->left, val); 


} 
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Code, 
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class Solution { 
public: 
TreeNode* insertIntoBST(TreeNode* node, int val) { 
if (node==NULL){ 
return new TreeNode(val); 


if (val < node->val) { 
node->left = insertIntoBST(node->left, val); 
} 


else { 
node->right = insertIntoBST(node->right, val); 


return node; 
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lass Solution { 
ublic: 
void sumUtil(Tr * root, int low, int high, int &res){ 
urn; 
igh && root->val >= low){ 
res += root->val; 
} 
sumUtil(root->left, low, high, res); 
sumUtil(root->right, low, high, res); 


t rangeSumBST (Tre root, int low, int high) { 


res = 0; 
mUtil(root, low, high, res); 


urn res; 
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inorder(root->left, res); 
due 


res.push_back(root->val); 


inorder(root->right, res); 

} 

TreeNode* increasingBST(TreeNode* root) { a nucnods 
vector<int> res; 3) 


inorder(root, res); 


<— dum 
TreeNode* dummy 1 TreeNode(-1); . ™ 
TreeNode* newNode = dummy; ; 
(auto it: res){ 
dummy->right = TreeNode(it) ; 
dummy = dummy->right; tub) Sultun newteds right 
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newNode->right; 


. 


@) Too Aum IV - Input is a O87 
A TSS 


\ win Du if dum & Gru 2veuuss == 


(5) o 
® & 2 he Rete, Beery 
@ we 2-poinka approach 


a 


o. 2 


s 4& § 
ke > velalsju [sl 6l*| 
n v 


os vOS]+vCr]esk .tetun Bun, ce T4+ ow to- 
a pr dum & K. 


oe 


> 


class Solution { 
public: 
void inorder(TreeNode* root, vector<int> &res){ 
if(root==NULL) return; 
inorder(root->left, res); 
res.push_back(root->val); 
inorder(root->right, res); 


bool findTarget(TreeNode* root, int k) { 
vector<int> res; 
inorder(root, res); 
int front = 2; TE ol) +0 
int rear = res.size()-1; Sc>oln) 
while(front<rear){ 
if(res[front]+res[rear]==k) return true; 
if(res[front]+res[rear]>k) rear--; 
else front++; 


return false; 
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Code _. 


class Solution{ 
public: 


void inorder(Node *root, vector<Node*> &res){ 
if(root==NULL) return; 
inorder(root->left, res); 
res.push_back(root) ; 
inorder(root->right, res); 

a 
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Node * inOrderSuccessor(Node *root, Node *x) 
£ 
: vector<Node*> res; 
inorder(root, res); 
for(int i=0; i<res.size(); i++){ 
if(res[i]==x && i<res.size()-1){ 
return res[i+1 


} 


return NULL; 
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bool isBST(TreeNode* root, long int &prev){ 


if (root==NULL) 


return true; 


bool isLeftBalanced = isBST(root->left, prev); 


if(root->val <= prev) 


prev = root->val; 


return false; 


bool isRightBalanced = isBST(root->right, prev); 
return isLeftBalanced && isRightBalanced; 


} 


bool isValidBST(TreeNode* root) { 
long int prev = -99999999999; 
return isBST(root, prev); 
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class Solution { 
public: 
TreeNode* lowestCommonAncestor(TreeNode* root, TreeNode* p, TreeNode* q) { 
if(root==NULL) return NULL; 


if(root->val < p->val && root->val < q->val){ 
return lowestCommonAncestor(root->right, p, q)3 


else if(root->val > p->val && root->val > q->val){ 
return lowestCommonAncestor(root->left, p, q); 


} 
else { 

return root; 
} 


} 
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class Solution { 
public: 
TreeNode* createBST(vector<int>&nums, int start, int end){ 
if(start>end) = return NULL; 


int mid = (start + end)/2; 
TreeNode* root = new TreeNode(nums[mid]); 


root->left = createBST(nums, start, mid-1); 
root->right = createBST(nums, mid+1, end); 
return root; 


} 


TreeNode* sortedArrayToBST(vector<int>& nums) { 
return createBST(nums, @, nums.size()-1); 
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constructTree( < 
end, preldx ){ 


f(start>end) : 


TreeNode* root = new TreeNode(preorder[preIdx]); 


currIdx = mp[preorder[preIdx]]; 


preldx++; 


constructTree(preorder, mp, start, currIdx-1, preIdx); 
>right = constructTree(preorder, mp, currIdx+1, end, preIdx); 
root; 


<int,int> populate¢ 

unordered_map<int,int> mp; 

for( i=0; ici ssize(); i++){ 
plinorder[i]] = i; 


™p; 


buildTree( <int>& preorder, < 
unordered_map< > mp = populate( inorder) ; 
prelIdx = @; 
constructTree(preorder, mp, @, inorder.size()-1, preIdx); 
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= constructTree(postorder, mp, start, currIdx-1, postIdx); 
urn root; 


_map<int, int> populate( >&inorder){ 

unordered_map<int,int> mp; 

for( i=@; icinorder.size(); i++){ 
mp[inorder[i]] = i; 


mp; 


buildtree( >& inorder, 
unordered_map< > mp = populate(inorder); 
postIdx = posto size()-1; 
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Contents 


. Introduction 

. All paths from source to target 
. Flood Fill 

. Number of Islands 

Max Area of the Island 

. Find if path exist in Graph 

. Find the town judge 

. Detect cycle in a Directed Graph 
. Topological Sort 

. Course Schedule 

10. Course Schedule II 


fraps 


frog Gr a a pair (YE) whine Via dir Q votius G Ew 
au dg. ne-|v) q @ =(E] 
E 


vz $0.8,¢,0,€3 N= 5 


(€)—{(p) 
hid E- fA, AC, BC, BD, CE,DEZ e=6 


Applicohona Lpruntonon _ 
foogle maps —s To tid Ahortat routs Ady maliix 
se ow?) 
Sourd nefwotk — Pie ranges Ady ae 
Tou walt “ se > OWE) 
1 Undulid 2 Dnwid 3) wughlid 
(()—{p) ©) . (0) bs 
Sd rae 58 
4) Cydie 5) Disconn eektal 6) Mubligraph 


(6) © (€)—{p) 
rose Kos 


[he set toons |] 


tpoph Thawsel 
@ BF, visit stn fea aa 
ZS Vi earh ond bale A ana dufined Onde . 
- Adu node 
(@)—0) 


- visit if unvisifed neighbour. nods fo 
(j—J— ©) 


= mask it as visikd & Puh info rutult 


- ph it into qua 
- if wm ndghbous then pop. vers FATE TSS 


- Niptok Hil quae it opty 


tits. quar A quus- (A B,C quar B,CLD 
~~ PEEP GEER ~~ GEES ~~ BEE 
a mF A Be mo AB tlD_ 
quae. (BY S-D quan CDE que BOE qu BE 
~ ES ~ GE ~ o 
AA ,¢ .D mu “1p B 6 D€ ma RAED E re we 
— T— 
= o(v+e) 
oy 
ww AEE ew ETS § ow) 
cm 


aA, dv, € 
a 


F 


a 


bfsofGraph(int v, vector<int> adj[]) { 
t>ans; 
>vis(V,0); 
qs 
q-push(@)5 


while(!q.empty()){ 

int curr = q.front(); 

q-pop()5 

vis[curr]=1; 

ans.push_back(curr); 

for( it:adj[curr]){ 

if(vis[it]==0){ 

vis[it]=1; 
q-push(it); 


} 
} 


return ans; 
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class Solution { 
public: 


void dfs(vector<int>&ans, vector<int>&vis, int node, vector<int>adj[]){ 


vis[node] = 1; 
ans. push_back(node) ; 


dfs(ans, vis, it, adj); 


} 


5 
vector<int> dfsofGraph(int Vv, vector<int> adj[]) { 
vector<int> ans; 
vector<int>vis(V,0); 
for(int i=; i<v; i++){ 
if(vis[i]--0) 
dfs(ans, vis, i, adj); 


rn ans; 
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Path.push_back(@); 


Paths(graph, @, visited, n, currPath, res); 
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floodFiller( < r<int>>& image, 
m, int n, currColor, int newColor) 


if(is@ || ir=m || J<® [| j>= n || image[i][J] 


|| image[i][j] != currcolor) 

return; 

image[iJ[j] = newColor; 

floodFiller( image, i-1, j, currColor, 
floodFiller( image, i+1, j, currColo 


floodFiller( image, i, j-1, currcolor, 
floodFiller( image, i, j+1, currcolor, 


newColor 


newColor) ; 
newColor) ; 
newColor) ; 
newColor) ; 


ector<int>> floodFill(vector<vector<int>»& image, 


int newColor) 


image 
t n = image[o]. 
t currColor = image[sr][sc]; 


floodFiller(image, sc, m, n, currColor, newColor); 


turn image; 


@ Nambu s} dlands _, Hien gid & J (lanl) % 0 (Watts) , ruan ro. 


Sands , 
& eo 7, BRSY 1 
oL[1,1,0,0,0],  *Almays stmt fs only Hy Volue =1 cheng 
+ (1,1,0,0,0), its valus to 0, Jo it cannot be wusid ogain 


2 fo a) ol otf inihol value <0 thin Akip. 
, ed 


iGecii) * =o 


[ti .0,0.°], 
sbi stor fuom (0/D) % ty east U,dD, Lik Thee 
— the hovewod gee ‘m thu ods [o 0,1, 0,0] 

(0,0) — (1,0) — (1,1) > (0,0) Ty [o,0,0,1,11] 
% updo, ana . Ons G1. 


— now d beomu 
a mad snp, we can Sitip Uy anhy om 

o[[e,0,0,0,°, (1,0) fo C21) ox thy Ou O14. 

t [ce ,0,0,0,2 : 

zu [o ,0,0,0, 0] 


3 [o,0,0,1,11} 


+ now stow fom (2,2), ar Y,D,L,R a net 
Potsibke, Sek itt vour=O % Update au. 


Quney 2. 


=aanDlo gud beomu 

° 4 m 
(penn, (ee ee a 
1 [o,0,0,0,°] : ; Thy 
2 [o d,°,0,2] + now Atouh fom (3,3), tf gee as jollowt 
s [o,0,0,t-12 | 3,3) => G3) . : 
* Juutw Kawa fom (3,4) b not poasibl 


a3, [Raed 


countIsland( gr urrc 


f(currRow w || currCol<e || currCol>=col || 


grid[currRow] [currCol] 


countIsland(grid, currRow-1, currCol, row, 
countIsland(grid, currRow+1, currCol, row, 
countIsland(grid, currRow, currCol-1, row, 
countIsland(grid, currRow, currCol+1, row, 


numIslands( 
ans = 0; 
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count += findArea(grid, currRow+1, currCol, 

count += findArea(grid, currRow, currCol-1, 

count += findArea(grid, currRow, currCol+1, 
count; 


Island( < >>& grid) { 
m = grid.size(); 
n = grid[@].size(); 
ans = 0; 
currRow = @; currRow<m; currRow++ 
currCol = @; currCol<n; currCol++){ 
(grid[currRow][currCol }==1){ 


ans = max(ans, findArea(grid, currRow, currCol, m, n)); 
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findjudge( n, vector<vector< >> 
vector< >indegree(n+1,9@); 
vector< >outdegree(n+1,@); 
for( ji<trust.size();i++) 
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v1 = trust[i][@]; 
v2 = trust[i][1]; 
outdegree[v1]+=1; 
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vis.insert(curr); 


for(int neighbour: adj{curr]) 
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(indegree[neighbour ]==0) 


q.push(neighbour) ; 
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tor<int>> createGraph( 
vector<vector >> graph(n); 
( it:pre){ 
v = it(1]; 
u = it[e]; 
graph[v].push_back(u); 


graph; 


canFinish( <vector< >>& pre) { 
ctor<vector graph = createGraph(n, pre); 
vector< int>indegree(n,@); 
(int i=0; icn; i++) 
(int it: graph{i]) 
indegree[it]++; 


queue< 
ans 


jordered_set > vis; 


i=0; icn; i++) 
(indegree[i]==0){ 
q-push(i); 


ans++; 


(!q.empty()){ 
currvertex = q.front(); 
q-pop(); 
(vis. find(currvertex) !=vis.end()) 
vis-insert(currvertex) ; 
(int neighbour: graph{cur 
indegree[neighbour ]--; 
(indegree[neighbour] 
q-push(neighbour) ; 
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Te > OW+E) 
Sc > O(v+€) 


neighbour: graph[i]){ 
if (vis[neighbour ]==0){ 
(dfs(graph, neighbour, vis, rs, traversal)) 


nbour]==1) 


>> createGraph( 
vector<vector< graph(n); 
( it:pre){ 
v = itt]; 
u = ite]; 


graph[v].push_back(u); 


rn graph; 


<int> findorder( 5 < 
vector<vector ph = createGraph(n, pre); 
vector<int> vis(n,@), rs(n,®), traversal; 

( i=@; icn; it+){ 

if(vis[i]==) 

if(dfs(graph, i, traversal)) r 
reverse(traversal.begin(), traversal.end()); 

traversal; 
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Dijkstra Algorithm 

Network Delay Time 

Bellman Ford Algorithm 
Negative Weight Cycle 

Floyd Warshall Algorithm 
Prim’s Algorithm 
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Is Graph Bipartite ? 

Possible Bipartition 

Disjoint Set 
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vector <int> dijkstra(int V, vector<vector< 


>cost(V,@); 


rc]=0; 


vector< rvis(V, Ns 
priority_queue<pair< ,vector<pair< >>, greater<pair< 


push({@,src}); 
(!pq.empty()) 
paircint, 
currCost 


currNode 
-pop(); 


f(vis[currNode]) 


is[currNode] = 3 
ost[currNode] = currCost; 


i=; i<adj[currNode].size();i++) 


neighbourNode = adj[currNode][i][@] 
weight = adj[currNode][i][1] 


(vis[neighbourNode]) 


pq.push({currCost + weight, neighbourNode}) 


©) Netwosk Peta Time 


You are given a network of n nodes, labeled from 1 to n. You are also given 
times , a list of travel times as directed edges times[i] = (ui, Vir Wi), 
where u; is the source node, v; is the target node, and w, is the time it takes 


for a signal to travel from source to target. 


We will send a signal from a given node xk . Return the time it takes for all the n 
nodes to receive the signal. If it is impossible for all the n nodes to receive the 


signal, return -1. 
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isNegativeWeightCycle(int n, v 
vector< >dis(n, INT_MAX) ; 


dis[0] = 0; 
( i=; i<n-1;i++) 
edge: edges) 
sre = edge[0]; 


dest = edge[1]; 
wt = edge[2]; 


(dis[src]!=INT_MAX) 
dis[dest] = min(dis[dest],dis[src]+wt); 


sedges) 


edge[0]; 
ge[1]5 
edge [2]; 


(dis[src]!=INT_MAX && dis[dest]>dis[src]+wt) 
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shortest_di <vector<int>>amatrix){ 
V = matrix 

vector<vector<int> i or<int>(matrix. 
sr(int i=O;icv;it+) 

costs[iJ[j] = matrix[i][j]; 

i<V; i++) 
GeV5 544) 
if(costs[i][k]!=-1 && costs(k][j]!=-1){ 


=-1 
if(costs[i}[4]==-1) 
costs[i][j] = costs[i][k]+costs[k][j]; 


~ costs[i][j] = min(costs[iI[i], costs[ilfk]+costs{kILi1)5 


matrix[i][J] = costs[i][i]; 
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spanningTree( 


minCost = 0; 
vector< >costs(V, INT_MAX); 

costs[@] = 0; 

vector< ovis(V, s 

priority_queuecpair< >, vector<pairs >>, greater<pair< >>>pq 
pq. push({0,0}); 


(!pq.empty()) 

pairs > p = pa.top(); 
p.second 
p.first; 

pq.pop(); 


(vis[currNode]) 


minCost += curr 


vis[currNode] 


costs[currNode] = currCost 
i=0; i<adj[currNode].size();i++ 
neighbourNode 
neighbourNodeCost = adj[cu 


(vis [neighbourNode] 
pq.push({neighbourNodeCost, neighbourNode}) ; 


minCost; 
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curr]!=-1) 


colors{curr] 


color; 


graph) 
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>& color){ 


f(color[curr] 


color[cu 


for(auto neigh : graph{curr]) 
{ 


F(color[neigh] == -1) 


slor[neigh] = 1 - color{curr]; 
dfs(graph, neigh, color) 


(color[neigh] == color{curr]) ret 


dislikes) { 


vector<int> graph[n+1]; 


sr(auto edge : dislikes){ 
graph[edge[0]] .push_back(edg 
graph[edge[1}].push_back(edge[ 


For( 1; ic=n; i++){ 
(color[i] == - 
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Code 


1, 


parent[i] 


(parent[x] 
parent[x] 


parent 


find(parent[x]); 


x]; 


y) 


find(x); 


find(y); 


rank[xset] 


parent[xs 


(rank 
parent[ 


parently 
rank(xset] 


rank[yset]) { 


xset] > rank[yset]) 


D) Kruutol Agonthe - 


raph { 
vector<vector<int> > edgelist; 
V5 


Graph( 


id addedge( x, int y. 


edgelist.push_back({ w, x, y })3 


sort(edgelist.begin(), edgelist.end()); 


DSU s(V); 


find(x) != s.find(y)) { 
N(x, Y)5 
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21Connections: 
tions) 

nu] .push_back 

nv] - pu 


findCritic ions (ii; graph); 


alconnectic 


time 
orevector< 
SDFS(graph, ¢ disTime, lowTim 


tarjansDFS( 
< lo 


ime[curr] = tine 


[curr] = time 
neigh 
(neigh == parent) 


(di 


(neigh]); 


tarjansDFS(graph, neigh, curr, disTime, lowTime, time, 


Time(curr] = min feurr] neigh]); 


(disTime{ curr [neigh}) 


vector 
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“Inhnoluction, 


Dynamic programming is a technique to solve problems by breaking it down into a colle 
ction of sub-problems, solving each of those sub-problems just once and storing these 
solutions inside the cache memory in case the same problem occurs the next time. 


Dynamic Programming is mainly an optimization over plain recursion . 

Wherever we see a recursive solution that has repeated calls for same inputs, we can o 
ptimize it using Dynamic Programming. 

This simple optimization reduces the time complexities from exponential to polynomial. 


There are two different ways to store our values so that they can be reused at a later i 
nstance. They are as follows: 

1. Memoization or the Top Down Approach. 

2. Tabulation or the Bottom Up approach. 


In Memoization we start from the extreme state and compute result by using values th 
at can reach the destination state i.e the base state. 


In Tabulation we start from the base state and then compute results all the way till the 
extreme state. 


Note: To store the intermediate results we can use Array, Matrix, Hashmap etc., all we 
need is data storage and retrieval with a specific key. 


How to find the use case of Dynamic Programming? 


You can use DP if the problem can be, 
1. Divided into sub-problems 

2. Solved using a recursive solution 
3. Containing repetitive sub-problems 
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(int currentStair, int targetStair, 


f(currentStair==targetStair){ 
1: 


f(currentStair > targetStair){ 
@; 


currentKey = currentStair; 
(memo. find(currentKey) !=memo.end()){ 


memo[ currentkey]; 


oneStep = totalWays(currentStair+1, targetStair, memo); 


twoStep = totalWays(currentStair+2, targetStair, memo); 


memo[currentKey] = oneStep+twoStep; 


oneStep+twoStep; 


climbStairs(int n) { 


unordered_map< > memo; 


totalWays(@,n,memo) ; 


@) Fibonacci Numb | yen) = tint) 44-2) | TH=0 
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@) Hin Cost Climbing Y Sti 
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minCost ( 
if (current Index 


rn e 


rrent Inde: 


1000; 


if(m.find(currentIndex) ! 
turn m[currentIndex]; 


oneJump t[currentIndex] + minCost(cost,currentIndex+1, m); 
twoJump = [currentIndex] + minCost(cost,currentIndex+2, m); 


m{currentInde min(oneJump, twoJump) ; 
[currentIndex] 


minCostClimbingStair < st) { 
unordered_map<int, int> m5 
min( minCost(cost,@,m), minCost(cost,1,m)); 
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helper (vect > currentIndex, uno’ 


(currentIndex >= nums.size()){ 


Q; 


currentKey = currentIndex; 


(m.find(currentkey) !=m.end()){ 
m[currentKey]; 


rob = nums[currentkey] + helper(nums, currentIndex+ 


noRob = helper(nums, currentIndex+1, m); 


m[currentIndex] = max(rob, noRob); 


m[currentIndex] ; 


ordered_map<int, 
helper(nums,@,m); 
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helper( 
if (n<=1) 


currentNum = n; 


find(currentNum) !=m.end()){ 
n m{currentNum); 


helper(n-1,m); 
helper(n 
helper(n 


m[currentNum] = a+b+c; 


m[currentNum] ; 


tribonacci(int n) { 
unordered_map< 
helper(n, 
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string currkey = to_string(curr)+"_"+to_string(W); 


f (memo. find(currkey) !=memo.end()) memo[currkey]; 


currwWt = wt[curr]; 
currVal = val[curr]; 


selected = 0; 
(currwt<=W){ 
selected = currVal + helper(W-currwWt, wt, val, n, curr+l, 
notSelected = helper(W, wt, val, n, curr+1, memo); 


currkey] = max(selected, notSelected) ; 


memo[ currkey]; 


knapSack( 


unordered_map<string, memo; 
helper(W, wt, val, n, @, memo); 


memo) ; 
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isPossible( 


(targetSun 


rrentIndex > 


ing currentkey = to_string(currentIndex)+"_"+to_string(targetSum) ; 


- find(currentKey) !=memo.end()){ 


>[currentkey]; 


possible 


[currentIndex]<=targetSum) 


possible = isPossible(targetSum-nums[currentIndex], currentIndex+1, 


(possible) { 


o[currentkey] = possible; 


Possible = isPossible(targetSum, currentIndex+1, nums, memo) ; 


ntKey] = possible| |notPossible; 


[currentKey 


canPartition( 


total 


it:nums) total+= it; 


(totalx2!=0) 


unordered_map<string, > memo; 


isPossible(total/2,0, nums,memo) ; 


nums , 


memo); 
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fin an auay § FOU , find the rumba Ways fo duath bangat 


by wuing + o — before cath ShaAet BY 


& Input: nums = [1,1,1,1,1], target = 3 
Output: 5 
Explanation: There are 5 ways to assign symbols to make the sum 


of nums be target 3. 
-1+1+1+14+153 
41-1+14+14+153 
+1+41-14+1+4+153 
41+1+1-14+15=3 
tL *1L?+2td -21 = 


— ao ny wdi> ur can use + A — fi 
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Hage 4 Mah. 


total mumbu % oy 


totalWays currentIndex, > target, 


(target==0 and currentIndex==nums.size( 
1 


Index>=nums.size() and target!=0){ 


to_string(currentIndex)+" "+t ing(target) ; 


».end()){ 


alWays(currentIndex+1, nums, target-nums[currentInd 


tala dex+1, nums get+nums[currentInd 


= plus+minu: 


findTargetSumWay < nums, 


unordered_map<string, meno; 


totalWays(@,nums, target memo) ; 
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You are given an integer array nums . You want to maximize the number of points. 
you get by performing the following operation any number of times: 


« Pick any nums[i}] and delete it to earn nums{i} points. Afterwards, you 
must delete every element equal to nums{ij - 1 and every element 
equal to nums[i} + 1. 


Return the maximum number of points you can earn by applying the above 
operation some number of times. 


Eg num = (2,2,3,3,3,4] 
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totalWays(int currentIndex, vector<int>& coins, amount, ve 
(amount == @) a 
(currentIndex >= coins.size()) 


(memo[ currentIndex] [amount]! =-1) nemo[ current Index ] [amou 


consider = 0; 
(coins[currentIndex ]<=amount ){ 
consider = totalWays(currentIndex, coins, amount-coins[currentIndex],memo) ; 


notConsider = totalWays(currentIndex+1, coins, amount memo) ; 
meno[currentIndex][amount] = consider+notConsider; 


memo[currentIndex] [amount] ; 


coins) { 
-Size()+1,vector<int>(amount+1,-1)); 
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code» 


amount, 


ntl 


no[ current Index] [amount] ! memo[ current Index] [amo 


consider = nCoins(currentIndex, coins, amount-coins[curren 


notConsider = minimumCoins(currentIndex+1, coins, amount, memo) ; 
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maxProfi 
(n==@) 


(currentInde 


elected = 0; 


Index+1<=n){ 


memo[currentIndex][n] 


rrentIndex 


price[] 


maxProfit (price 


Index ]+maxProfit (price 


ted, 


no! 


Index+1, 


dex} {n]5 


urrentIndex, 
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© Bus sine fo Buy ¢ Se siock 


tyioun an owoy ited, ard the max jungir if we om ouowed 
to do one fromattion 


4 


pris = [41,5,3,0.4] > We gue maxtor tun we buy at 
aT 2SGs agg pan to der 


=> propt = 6-1=5 | 


toh Look at chores we howe, 


—> ty handle the cow 
‘thar tronachon could ee a ovine 


oLtun Onee, Cut UE O pie wae & varoble calls Eos 
Vourble code Sones he Con > 
fypmathon = 1, bog <a 


— on rot canBuy = Diss 
-'. Om Seowsive sbuctiw ood be or Follows 


ie 7 tromathio 


(CT -size() 


mo[currDay][canBuy] != [currDay] [canBuy] 


if (canBuy) 
{ 
idle = find(prices, currDay+1, k, canBuy, memo); 
buy = -prices[currDay] + find(price urrDay+1, k, !canBuy 
emo[currDay][canBuy] = max(buy, idl 


find(prices, currDay+1, k, canBuy, memo) ; 


ices[currDay] + find(prices, currDay+1, k-1, !canBuy 


o[ currDay][canBuy] = max(sell, idle); 


maxProfit( 


vector memo(n, vec 


find(prices,@ ymeno) ; 


memo) ; 


memo) ; 


o 


C9 Bast sme to buy q Bek stork - 


3 dn this we con haye hromoehont that can be done. 


° 2-34 6 

Eq prices = [31-5364] 
G buy on 1 4 sum 2 = Profil 
a it han. [P70 4 


Find(vector > ; canBuy, < >> &memo 
Day >= prices.size()) 
(memo[currDay][canBuy] != -1) nemo[ currDay ]{canBuy] ; 
(canBuy) 
idle find(price currDay+1, canBuy, memo); 


buy = -prices[currday] + find(prices, currDay+1, !canBuy, memo); 
memo[currDay][canBuy] = max(buy, idl 


, currDay+1, canBuy, memo) ; 


currDay] + find(prices, currDay+1, !canBuy, memo); 
y] [canBu max(sell, idle); 


maxProfit (ve 
n = prices 


r<vector (n, vector< 


find(prices, @, , memo); 


Bus sine fo Guy q eth Broek - tt 


4n this maumum quot has 10 be achigued by ie 
atmosr 2 brantechons . 
op BF & SE 
& prow = [3,3,5,0,9, 399 
Buy on 4 4 sul m 5 profil 
By Se ee Prt 


Ge possible hransachoru 
adi: ow vhn it it =0,! 


currDay, transaction, 
{ 


|| transaction Oe 


Day] [canBuy][transaction] != -1 eee eee 


idle = find(pr 


=. 


Buss dine to Buy ¢ Sul dtoek - 


Thi, wo garvactited VeAston ve Pruieus problem, 
Uutiod 5} Larshng yt to 2 fransaehora , we nud 
ty alow atmos kK fonsavioru, 


code -» 


currDay, 


price e() || transaction>=k) 
urrDay }[canBuy}(tra ! memo[ currDay ][canBuy] [transaction] ; 
Buy) 
idle = find(prices, currDay+1, transaction, k, canBuy, memo); 


prices[currDay] + find(prices, currDay+1, transaction, canBuy, 
memo[currDay][canBuy] [transaction] = max(buy, idle); 


le = find(prices, currbay+1, trans 


ell = prices[currDay] + find(prices ; c 1, k, !canBuy, memo) ; 


memo[ currDay] [canBuy ] [trans 


maxProf 


2, vector< 


Bus tine to Buy ¢ bul Stok sith Cootdmon 


dn this, Cooidoun means thar we cannot 
AtotK on Th. Immuale doy otis it iy Avkl. 


t> &prices, int currDay, 
(currDay >= prices 

(memo[currDay][canBuy] != -1) return memo[currDay][canBuy]; 
(canBuy) 


idle = find(prices, currDay+1, canBuy, memo); 


buy = -prices[currDay] + find(prices, currDay+1, !canBuy, memo) 
memo[currDay][canBuy] = max(buy, idle); 


t idle = find(prices, currDay+1, canBuy, memo); 
sell = prices[currDay] + find(prices, currDay+2, !canBuy, memo); 
memo[ currDay][c 


n = prices.size(); 


vector (n,vector<i 


find(prices, @, MO) ; 


Best time to bu & Bell Stock, sith Traruaction Fee = 


dn this voriotion, we donot howe Limit on fronachin 
bur while making Qa transacton Lh ane Ct, 
dome see hor to be paid it trananehon fee. 


prices, currDay, ee, canBuy, 
prices.size()) 0; 
[currDay][canBuy] != -1 o[currDay ] [canBuy]; 


idle = find(pr , currDay+1, f memo) 
buy = -price ] + find (pr +1, fee, !canBuy, me 
memo[ currDay][canBuy] = max(buy, 


y+1, fee, car memo) ; 
+ find(pri currDay+1, tcanBuy, 


find(prices, @, fee, » memo) ; 
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Optima) otuhon involves — Greedy approath. 


Possible(vé nums , 


(curr >= nums.size()-1) 


currkey 


(memo. find(currKey) !=memo.end( memo[currkey]; 


currJump = nums[curr]; 


(currJump >= nums.size() - curr) 


i=1; ic=currJump; i++){ 
tempAns = isPossible(nums, curr+i,memo) ; 


ans || tempAns; 


memo[currkey] = ans; 


canJump( vector >& nums){ 


unordered_map<int,bool>memo; 


isPossible(nums, @, memo); 


>&memo) 


@® TFanp Gare St . 


On andar. Rrach Apat andor in murummum ruumbe fy Movu, 


Eg num =(a,3,1, 1,0) 


Bra 


— k cumurindsr >= ae 
thn jun : 


hile aucuanin add 1 40" Counting vou | 


Code 


——4 


minJumps( 
if( curr >= ize()-1) return @; 


currkey = curr; 
if(memo[currkey]!=-1) return memo[currkey]; 


currJump = nums[curr]; 


=currJump; i++){ 
tempans = 1 + minJumps(nums, curr+i,mem 
= min(ans, tempans); 


} 


return memo[currKey] = ans; 


jump( >& nums) { 
vector<int> memo(nums.size()+1,-1); 
return minJumps(nums, @, memo); 


@ Reach _o given auate —» 
dywen 3 cone (35,10) % ‘A’. 
Ruin total rumba Q worn #0 cuate mn ulang the 
S04. 


& nos thin No. wi to Ort 8 im) 3, 2 t 


n=13 thn no. F way to wots 13 {Lom [s, s, to] 
2 (3+5+S) 4% ( 34l0) 
thn ro. Ay wan to aot. 20 410m LS, s,'0| 
4 (34343 4343+ S) | (S+5 +5+5) 

% (StS4O) § (10+ 10) 


- dik aa | A= ie 10} hun 


cx, n-alct) 


>&score, vector<ve 


(curr>=score.size()) 
(vec[curr][n]!=-1) vec[curr][n]; 
LL consider = 0; 


(score[curr 


consider = ways(curr,n-score[curr], score, vec) ; 


LL notconsider = ways(curr+1,n, score, vec); 


vec[curr][n] = consider + notconsider 


count(LL_n) 


vector<int>score{ 
vector<vector< size(),vector< >(1001,-1)); 
ways(@,n,scor 


@ Applications Colon Numba _ 
Corolan Numbua aie difinud a the xownulo. 
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N*h Catalan Numbw 
= 
Te tad N™ Carolan Numba we con ue formule 
n 


. he 
Cn+t = a C, G- ° 4 G@=l 


= 


>& memo) { 


iF (memo[c return memo[curr]; 


cpp_int catalan = 0; 


for( Oicnjsitt) { 
catalan += ncatalan(i, memo)*ncatalan(n-i-1, memo); 


} 


memo[curr] = catalan; 
re memo[curr] ; 


t findCatalan(int n) 
tor<cpp_int> memo(1 


fn ncatalan(n, memo); 


(a2) Numbu & valid fauunrtsis passion _ 
4aun nN, tnd tt munbu an which we can 
mange No pais Q porntrsis in & Batonnd Woy. 


Bo Nee = CCC), CLOD, CCI, CODD) aed 
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D Co-Cy % one Ouida, Cy % not traicle *- Co 
PO => Glo 


Ca = Yor a ue nud lo find neataton(/2) 
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ods, 


—_—O 


Unique Binary hearth Trt —s 
ayia ini N, helian mo. Q Ungue BST that can be formed, 


Ey n=3 & Ws any; duran as. [[0,20,30] 


> (® ga) @) &) 
© 7 oe & 
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J. Yor ne3, He aualt vs 
2. 


1. The catalan numbu gps UD the esutll . 


uniqueBsT(int n, <int>& memo) 
[|n==1) return 1; 
if( memo[n]!=-1)return memo[n]; 


oe 


i nit) 
+= uniqueBST(i,memo) *uniqueBST(n-i-1,memo) ; 


} meno[n] = ans; 


numTrees(int n) { 
vector<int> memo(n#1,-1); 
n uniqueBST(n, memo); 


